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REMARKS WWr 1 

Amendments 

Claims 1-39, 44-48 and 51 have been canceled, claims 41-43, 49 and 50 have been 
amended, and claims 52-57 have been added. Upon entry of the amendment, claims 40-43, 49, 
50 and 52-57 will be pending. Support for the amendments and added claims can be found in the 
specification, specifically in Figures 1-3 and the submitted Sequence Listing; on page 7, lines 29- 
32; and in the claims as originally filed. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
application. 

Rejections 

Rejections under 35 U.S.C. §101 

The Examiner has rejected claims 40-44 and 46-50 because the claimed invention is 
allegedly not supported by either a specific or substantial asserted utility or a well-established 
utility. 

Applicant respectfully traverses the rejection. The claims are drawn to method of making 
a transgenic mouse having a disrupted sulfotransferase gene as well as to a transgenic mouse 
whose genome comprises a null endogenous sulfotransferase allele, wherein said null allele 
comprises exogenous DNA. According to 35 U.S.C. § 101, "[w]hoever invents . . . any new and 
useful . . . composition of matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (T) a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial, and credible . 
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If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 

(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). 
The standard for " credible " is defined as: 

. . . whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totality of evidence and reasoning provided. An assertion is credible unless 
(A) the logic underlying the assertion is seriously flawed, or (B) the facts upon which the 
assertion is based are inconsistent with the logic underlying the assertion. 

(MPEP 2107.02, III(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

hanger and subsequent cases direct the Office to presume that a statement of utility made 
by an applicant is true , [citations omitted] . . . Clearly, Office personnel should not begin 
an evaluation of utility by assuming that an asserted utility is likely to be false. 

Compliance with 35 U.S.C. 101 is a question of fact [citations omitted]. Thus, to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, 
Office personnel must establish that it is more likely than not that one of ordinary skill in 
the art would doubt (i.e., "question") the truth of the statement of utility . ... To do this, 
Office personnel must provide evident sufficient to show that the statement of asserted 
utility would be considered "false" by a person of ordinary skill in the art. 

(MPEP 2107.02, III(A)(emphasis added). 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection was sustained either 
because the applicant failed to disclose any utility for the invention or asserted a utility 
that could only be true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature , or was wholly inconsistent with contemporary 
knowledge in the art. In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967). 
Special care therefore should be taken when assessing the credibility of an asserted 
therapeutic utility for a claimed invention. In such cases, a previous lack of success in 
treating a disease or condition, of the absence of a proven animal model for testing the 
effectiveness of drugs for treating a disorder in humans, should not, standing alone, serve 
as a basis for challenging the asserted utility under 35 U.S.C. 101 . 

(MPEP 2107.02, III(B)(emphasis in original and added). The Guidelines additionally 
provide that: 
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There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utility, therapeutic or otherwise. Rather, the character 
and amount of evidence needed to support an asserted utility will vary depending on what 
is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and beliefs , (citations omitted). Furthermore, the 
applicant does not have to provide evidence sufficient to establish that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an applicant provide 
evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)(reversmg 
the Board and rejecting Bowler's arguments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

(MPEP 2107.02, VII)(emphasis added). 

Thus, according to Patent Office guidelines, a rejection for lack of utility may not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. An assertion of utility is presumed to be true . The burden is on the Examiner to show 
that one of ordinary skill would find the asserted utility to be false. The present invention 
satisfies either standard. 

The present invention has a well-established utility since a person of ordinary skill in the 
art "would immediately appreciate why" knockout mice are useful. As a general principle, 
knockout mice have the inherent and well-established utility of defining the function and role of 
the disrupted target gene , regardless of whether the inventor has described any specific 
phenotypes, characterizations or properties of the knockout mouse. The sequencing of the 
human genome has produced countless genes whose function has yet to be determined. 

According to the National Institute of Health, knockout mice represent a critical tool in 

studying gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 

In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animal's germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
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tools to "knock out" genes, which involves replacing existing genes with altered 
versions ; or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
assist in the propagation of strains with poor reproduction, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization and ovary transplantation. 

( http://www.genome.gov/pfv.cfm?pageid=10005834 )(emphasis added)(copy attached). 
Thus, the knockout mouse has been accepted by the NIH as the premier model for determining 
gene function, a utility that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 

director of the NIH Chemical Genomics Center of the National Human Genome Research 

Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skarnes) has proposed 

creating knockout mice for all mouse genes: 

Now that the human and mouse genome sequences are known, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse fMus musculus) has had a prominent role in the study of 
human disease mechanisms throughout the rich, 100-year history of classical mouse 
genetics , exemplified by the lessons learned from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 
mammal, and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ii) almost all (99%) mouse genes have homo logs in 
humans; and (in) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allowing genes to be altered 
efficiently and precisely . 

A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community , given the demonstrated power of knockout 
mice to elucidate gene function , the frequency of unpredicted phenotypes in knockout 
mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 

(Austin et al., Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 

With respect to claims drawn to transgenic mice having a null allele, the following 
comments from Austin are relevant: 

Null-reporter alleles should be created 
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The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene. 

(p. 922)(emphasis in original, emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used . One example is inventions to be used 
in a research or laboratory setting. Many research tools such as gas 
chromato graphs, screening assays, and nucleotide sequencing techniques have a 
clear, specific and unquestionable utility (e.g., they are useful in analyzing 
compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 

(MPEP § 2107.01, 1). As with gas chromatographs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and unquestionable utility (e.g., they 
are useful in analyzing gene function), one that is clearly recognized by those skilled in the art. 

For example, according to the Molecular Biology of the Cell (Albert, 4 th ed., Garland 
Science (2002)) (copy of relevant pages attached), one of the leading textbooks in the field of 
molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 

(p. 543)(emphasis added). 
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According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 

attached), another well respected textbook in the field of genetics: 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 

(p. 508)(emphasis added). 

According to Joyner (Gene Targeting: A Practical Approach, Oxford University Press 

2000) (copy of relevant pages attached),: 

Gene targeting in ES cells offers a powerful approach to study gene function in a 
mammalian organism . 

(preface)(emphasis added). 

According to Matise et al. (Production of Targeted Embryonic Stem Cell Clones in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000)(copy of relevant 
pages attached): 

The discovery that cloned DNA introduced into tissue culture cells can undergo 
homologous recombination at specific chromosomal loci has revolutionized our ability to 
study gene function in cell culture and in vivo . . . . Thus, applying gene targeting 
technology to ES cells in culture affords researchers the opportunity to modify 
endogenous genes and study their function in vivo . 

(p. 101)(emphasis added). 

According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Targeted gene mutation in mice represents a new technology that is revolutionizing 
biomedical research . 

Transgenic and knockout mutations provide an important means for understanding gene 
function , as well as for developing therapies for genetic diseases. 

(p. 1, rear cover)(emphasis added). 

Applicant submits that since one of ordinary skill in the art would immediately recognize 
the utility of a knockout mouse in studying gene function, a utility that is specific, substantial and 
credible, the invention has a well-established utility, thus satisfying the utility requirement of 
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section 101. On this basis alone, withdrawal of the rejection with respect to the present invention 
is warranted, and respectfully requested. 

In addition, the claimed invention is useful for a particular purpose. The Applicant has 
demonstrated and disclosed specific phenotypes of the presently claimed mice. Utility of the 
claimed knockout mouse would be apparent to, and considered credible by, one of skill in the art, 
as the role of knockout mice in studying any of these conditions is both specific and substantial. 

The Examiner argues that the phenotypes do not correlate with human disease (page 3). 
The Examiner's arguments are similar to arguments made by the Patent Office with respect to 
pharmaceutical compounds the utility of which were based on murine model data, arguments 
which were dismissed by the Federal Circuit in In re Brana (34 U.S.P.Q.2d 1436)(Fed. Cir. 
1995). The case involved compounds that were disclosed to be effective as anti-tumor agents 
and had demonstrated activity against murine lymphocytic leukemias implanted in mice. The 
court ruled that the PTO had improperly rejected, for lack of utility, claims for pharmaceutical 
compounds used in cancer treatment in humans, since neither the nature of invention nor 
evidence proferred by the PTO would cause one of ordinary skill in art to reasonably doubt the 
asserted utility. 

The first basis for the Board's holding of lack of utility (the Board adopted the 
examiner's reasoning without any additional independent analysis) was that the specification 
failed to describe any specific disease against which the claimed compounds were useful, and 
therefore, absent undue experimentation, one of ordinary skill in the art was precluded from 
using the invention. {In re Brana at 1439-40). The Federal Circuit reasoned that the leukemia 
cell lines were originally derived from lymphocytic leukemias in mice and therefore represented 
actual specific lymphocytic tumors. The court concluded that the mouse tumor models 
represented a specific disease against which the claimed compounds were alleged to be effective. 
{In re Brana at 1440). 

The Board's second basis was that even if the specification did allege a specific use, the 
applicants failed to prove that the claimed compounds were useful. 

The Federal Circuit responded: "[A] specification disclosure which contains a teaching of 
the manner and process of making and using the invention in terms which correspond in scope to 
those used in describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of Section 112 unless there is 
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reason to doubt the objective truth of the statements contained therein which must be relied on 
for enabling support." (Brana at 1441, citing In re Marzocchi, 439 F.2d 220, 223, 169 USPQ 
367, 369 (CCPA 1971)). From this it followed that the PTO has the initial burden of 
challenging a presumptively correct assertion of utility in the disclosure. Only after the PTO 
provides evidence showing that one of ordinary skill in the art would reasonably doubt the 
asserted utility does the burden shift to the applicant to provide rebuttal evidence sufficient to 
convince such a person of the invention's asserted utility. (Id.) 

The court held that the Patent Office had not met its burden. The references cited by the 
Board did not question the usefulness of any compound as an antitumor agent or provide any 
other evidence to cause one of skill in the art to question the asserted utility of applicants' 
compounds. Rather, the references merely discussed the therapeutic predictive value of in vivo 
murine tests — relevant only if the applicants were required to prove the ultimate value in 
humans of their asserted utility . The court did not find that the nature of the invention alone 
would cause one of skill in the art to reasonably doubt the asserted usefulness. The purpose of 
treating cancer with chemical compounds did not suggest an inherently unbelievable undertaking 
or involve implausible scientific principles . (Id.) 

The Court concluded that one skilled in the art would be without basis to reasonably 
doubt the asserted utility on its face. The PTO had not satisfied its initial burden. Accordingly, 
the applicants should not have been required to substantiate their presumptively correct 
disclosure to avoid a rejection under the first paragraph of Section 112. (Id.) 

As in Brana, Applicant has asserted that the claimed invention is useful for a particular 
practical purpose, an assertion that would be considered credible by a person of ordinary skill in 
the art. As discussed above, the claimed mice have demonstrated specific phenotypes. The 
acceptance among those of skill in the art of knockout mice demonstrating such properties is 
clearly demonstrated. 

Definitive proof that the phenotypes observed in the null mouse would be the same as 
those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 
that the claimed mouse demonstrates phenotypes, relative to a wild type control mouse, and that 
knockout mice are recognized in the art as models for determining gene function, both in mice 
and in humans. According to Austin et al.: 
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Among the model organisms, the mouse offers particular advantages for the study of 
human biology and disease: (i) the mouse is a mammal and its development, body plan, 
physiology, behavior and diseases have much in common with those of humans ; (ii) 
almost all (99%) mouse genes have homologs in humans ; and (iii) the mouse genome 
supports targeted mutagenesis in specific genes by homologous recombination in 
embryonic stem (ES) cells, allowing genes to be altered efficiently and precisely. 

(p. 921)(emphasis added). 

In addition, as pointed out by Doetschman, one clearly skilled in the art, {Laboratory 

Animal Science 49:137-143, 137 (1999)(copy attached), the phenotypes observed in mice do 

correlate to gene function: 

The conclusions will be that the knockout phenotypes do, in fact, provide accurate 
information concerning gene function , that we should let the unexpected phenotypes lead 
us to the specific cell, tissue, organ culture, and whole animal experiments that are 
relevant to the function of the genes in question, and that the absence of phenotype 
indicates that we have not discovered where or how to look for a phenotype. 

(emphasis added). 

In Brana, the claimed compound had demonstrated activity against a murine tumor 
implanted in a mouse. Yet, the Federal Circuit found that utility had been demonstrated. Here, 
the invention relates to a disruption in a murine gene in a mouse. Like the tumor mouse model, 
the knockout mouse with a specific gene disrupted is a widely accepted model, the utility of 
which would be readily accepted in the art. It is submitted that one skilled in the art would be 
without basis to be reasonably doubt Applicant's asserted utility, and therefore the Examiner has 
not satisfied the initial burden. 

The Examiner argues that use of the mouse to identify agents capable of affecting a 
phenotype is not substantial because the asserted use in not presented in "mature form" (page 3). 

Applicant disagrees. According to the MPEP, under the section entitled "Substantial 
Utility," 

A "substantial utility" defines a "real world" use. Utilities that require or 
constitute carrying out further research to identify or reasonably confirm a "real world" 
context of use are not substantial utilities. ... the following are examples of situations 
that require or constitute carrying out further research to identify or reasonably confirm a 
"real world" context of use and, therefore, do not define "substantial utilities": 

(A) Basic research such as studying the properties of the claimed product itself or 
the mechanisms in which the material is involved; 
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Office personnel must be careful not to interpret the phrase "immediate benefit to 
the public" or similar formulations in other cases to mean that products or services based 
on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement . See, e.g., Brenner v. Manson, 383 U.S. 519, 534-35, 148 USPQ 689, 
695 (1966). Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least 
with regard to defining a "substantial" utility . 

(MPEP § 2107.01 I)(emphasis added). 
The MPEP additionally provides: 

Office personnel must distinguish between inventions that have a specifically 
identified substantial utility and inventions whose asserted utility requires further 
research to identify or reasonably confirm . Labels such as "research tool," 
"intermediate" or "for research purposes" are not helpful in determining if an 
applicant has identified a specific and substantial utility for the invention. 

(MPEP § 2107.01, 1). As set forth in the above-cited portions of the MPEP guidelines, a 
use is not substantial where further research is required to identify any use. Such is not the case 
here. Knockout mice have a well-known use to study gene function. In the present case, the 
present invention does not require further research to establish any utility. Applicant has 
determined that the sulfotransferase gene is associated with, for example, anxiety. The Applicant 
has provided an immediate benefit to the public. No further research is required to establish a 
use. Whether additional research is required to identify drugs capable of targeting the 
sulfotransferase receptor or gene or to further investigate the function of the gene is irrelevant to 
whether the claimed invention has satisfied the utility requirement. 

The Examiner argues that use of the mouse to identify drugs capable of identifying agents 
for treating conditions associated with a disruption is not credible, specific or substantial because 
the specification does not disclose any such conditions. 

Applicant disagrees. According to the specification (Example 4): 
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Liver. The homozygous mice demonstrated abnormalities in the liver as compared to 
wild-type mice. The homozygous mice demonstrated at least one of the following: patchy 
pallor of acinar zone 3 hepatocvtes; eosinophilic globules of varying size with 
intranuclear invaginations within the cytoplasm of hepatocytes; or anisocytosis, 
anisonucleosis and increased mitotic cellular activity as compared to wild-type mice. 

Salivary Glands. Homozygous mice demonstrated abnormalities in the Harderian 
glands and salivary glands . Specifically, there was focal pigment deposition in the glands 
and atrophy and fibrosis in the submandibular gland . 

Behavioral Analysis. The homozygous mice demonstrated aggressive, hyperactive and 
less anxious behavior as compared to wild-type mice . Specifically, beginning at two 
weeks of age, the homozygote mutant male mice exhibited increased aggression compare 
to wild-type littermates. During home cage observations, these animals attacked their 
cage-mates more than normal male mice, and had to be housed separately to prevent such 
attacks. In addition, the homozygote mutant mice were significantly different from the 
wild-type mice in the open field test. Mutants were hyperactive moving about, and 
exploring the open field more readily than wild-type mice, exhibiting increased activity 
and decreased anxiety compared to the wild-type mice. 

The homozygote mice were significantly different from wild-types in the Open field (% 
of time spent in central). The homozygous mice were less anxious spending a higher 
percentage of time in the central portion of the open field than the wild-type mice. 

(emphasis added). According to the MPEP, "specific utility" means "specific" to the 
subject matter claimed as compared to a "general utility" that would be applicable to the broad 
class of the invention (MPEP 2107.01). Use of the sulfotransferase -/- mouse to study the 
function of the sulfotransferase gene and the association of the sulfotransferase gene with any of 
the above conditions is specific to this mouse. Even if there were many other genes associated 
with these conditions, only a sulfotransferase knockout mouse (as opposed to all other knockout 
mice) would be used to study the specific role of sulfotransferase. 

The Examiner argues that use of the mouse to serve as a model for disease is substantial 
but not credible and specific. 

Applicant disagrees. As argued above, use of mice to study gene function is credible 
(see, for example, Austin et al.). The claimed mouse comprises a null sulfotransferase allele. Its 
use is specific to the study of the function of the sulfotransferase gene, a use which differentiates 
its use from any other knockout mouse or from knockout mice in general. 

Examiner is respectfully reminded that an assertion of utility is presumed to be true . The 
burden is on the Examiner to show that one of ordinary skill would find the asserted utility to be 
false . Other than conjecture, the Examiner has not set forth any reason or rationale to doubt the 
objective truth of the statements made in the specification, particularly with respect to this 
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transgenic mouse. As in Brana, the cited references do not support an argument that one skilled 
in the art would find the asserted utilities false. 

According to the MPEP, if an " assertion would be considered credible by a person of 
ordinary skill in the art , do not impose a rejection based on lack of utility " (MPEP § 2107, II 
(A)(3); II (B)(1)). If it is well known to those skilled in the art that KO mice are useful for 
studying gene function, then those skilled in the art would certainly regard such use as credible 
and substantial. Nothing more is required to satisfy the statutory requirement. 

In summary, Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-established utility in the study of the function of the 
gene, and thus satisfies the utility requirement of section 101. Moreover, Applicant believes that 
the transgenic mice are useful for studying sulfotransferase gene function with respect to the 
cited phenotypes, and are therefore useful for a specific practical purpose that would be readily 
understood by and considered credible by one of ordinary skill in the art. 

In light of the arguments set forth above, Applicant does not believe that the Examiner 
has properly made a prima facie showing that establishes that it is more likely than not that a 
person of ordinary skill in the art would not consider that any utility asserted by the Applicant to 
be specific and substantial. {In re Brana; MPEP § 2107). 

Withdrawal of the rejections is respectfully requested. 

Rejection under 35 U.S.C. § 112, first paragraph 

The Examiner has rejected claims 40-44 and 46-50 because one skilled in the art would 
allegedly not know how to use the claimed invention as a result of the alleged lack of either a 
specific or substantial asserted utility or a well-established utility for the reasons set forth in the 
utility rejection. Applicants respectfully traverse the rejection. For the reasons set forth above, 
the claimed invention satisfies the utility requirement. Therefore, one skilled in the art would 
know how to use the invention. 

The Examiner argues that the specification fails to teach how to use a mouse without a 
phenotype. 

The claims are drawn to a mouse having a null sulfotransferase allele. The term "null 
allele" is a structural and functional limitation: exogenous DNA has been inserted into the allele 
such that the function of that allele is ablated. The claim does not encompass wild-type mice. 
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The claim encompasses two possibilities: a mouse having a single null allele (heterozygous) and 
a mouse having two null alleles (homozygous). The specification clearly sets forth how to make 
and use the mice. The heterozygous mice are useful for breeding homozygous mice and for gene 
expressions analyses, as well as for phenotypic evaluation. The specification and the Examples 
show how to use the homozygous mice in phenotypic analyses to determine the function of the 
gene. Any phenotypes associated with the heterozygous and homozygous null mice are inherent 
to the mice. Many of the phenotypes will not be associated with genotype and therefore will be 
the same as a wild-type mouse. Thus, the claimed mice will have "wild-type" phenotypes. 

The Examiner argues that the phenotype of a knockout mouse is unpredictable, arguing 
that background may have an effect on phenotype. 

The claimed mice and the control mice were of identical background. If the Examiner 
requires an affidavit as evidence, the Applicant shall so provide one. 

The Examiner argues that the claims encompass heterozygous and homozygous mice, 
and that the phenotype of the heterozygous mice is unpredictable. 

The claims do not recite any phenotypes for the heterozygous mice. Therefore, the basis 
for the rejection is not understood. 

One skilled in the art would be able, without undue experimentation, to make and use the 
claimed invention. Withdrawal is respectfully requested. 

In view of the above amendments and remarks, Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
of this application, the Examiner is invited to telephone the undersigned at the below-listed 
telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 13-2725. 



Respectfully submitted, 
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Background on Mouse as a Model Organism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as well as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
useful, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
function of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 
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developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 

Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition, The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, learning, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Cp/ at , Lep ob , Lepr db and tub. 

• Epilepsy - The "slow-wave epilepsy," or swe t mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 
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three months of birth (even on a low-fat diet) are characteristics of several experimental models for 
human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd mdx mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-0911 

Last Reviewed: September 2004 
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The Knockout Mouse Project 



Mouse knockout technology provides a powerful means of elucidating gene function in vivo, and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery. To date, published 
knockouts exist for only about 10% of mouse genes, Furthermore, many of these are limited in utility because they have 
not been made or phenotyped in standardized ways, and many are not freely available to researchers, it is time to harness 
new technologies and efficiencies of production to mount a high-throughput international effort to produce and 
phenotype knockouts for all mouse genes, and place these resources into the public domain. 



Mow that the human and mouse genome 
sequences are known attention has turned 
to elucidating gene function and identifying 
gem products that might have therapeutic 
value. The laboratory mouse (Mm mttsatlus} 
has had a prominent role in the study of 
human disease mechanisms throughout the 
rich* 100* year history of dassicaJ mouse genet- 
ics, exemplified by the lessons learned from 
naturally occurring mutants such as agouti*, 
reder 5 and obese*. The large-scale production 
and analysis of induced genetic mutations in 
worms* flies, zebrafish and mice have greatly 
accelerated [he understanding of gene function 
tn these organism*. Among the model organ- 
isms, the mouse offers particular advantages 
for the study of human biology and disease; (i) 
the mouse b a mammal and its development, 
body plan* physiology, behavior and diseases 
have much in common with those of humans; 
(ii) almost all (99%) mouse genes have 
homolog* in hum am; and (in) the mouse 
genome supports targeted mutagenesis in spe- 
cific genes by homologous recombination in 
embryonic stem ( ES) cells* allowing genes to be 
altered efficiently and precisely 

The ability to disrupt, or knock out, a spe- 
cific gene in ES cells and mice was developed 
in the late 1980s ( ref. 7), and the use of knock- 
out mice has led to many insights into human 
biology and disease*" M . Current technology 
also permits insertion of 'reporter* gene* into 
the knocked -out gene> which can then be 
used to determine the temporal and spatial 



Tht Comprehensive Kiaftkaut Mouk 
Project Consortium* 

* Authors and mei'r affiUati&ns art tUttd at the 
end of the paper. 



expression pattern of the knocked-aut gene in 
mouse tissues. Such marking of cells by a 
reporter gene facilitates the idcntificaUon of 
new cell types according to their gene expres- 
sion patterns and allows further characteriza- 
tion of marked tissues and single cells. 

Appreciation of the power of mouse genet* 
ics to inform the study of mammalian physi- 
ology and disease, coupled with the advent of 
the mouse genome sequence and the ease of 
producing mutated allele*, has catalyzed pub- 
lic and private sector initiatives to produce 
mouse mutants on a large scale, with the goal 
of eventually knocking out a substantial por- 
tion of the mouse genome 11J -\ Urge-scale, 
publicly funded gene- trap programs have 
been initiated in several countries, with the 
Inter nation it Gene Trap Consortium coordi- 
nating certain efforts and resources 1 *" 17 . 

Despite these efforts, the total number of 
knockout mice described in the Hierature is 
relatively modest, cot responding to only - 10% 
of the -25,000 mouse genes. The cuxated 
Mouse Knockout & Mutation Database lists 
2,669 unique genes (C Rathbone, personal 
communication)* die curated Mouse Genome 
Database lists 2,847 unique genes, and on 
analysis at Lexicon Genetics identified 2,492 
unique genes (B.£, unpublished data). Most 
of these knockouts are not readily available to 
scientists who may want U> use them in their 
research; for example, only 415 unique genes 
are represented as targeted mutations in the 
Jackson Laboratory's Induced Mutant 
Resource database (S. Rockwood, personal 
communication). 

The converging interests of multiple mem- 
bers of the genomics community fed to a meet- 
ing to discuss the advisability and feasibility of 



a dedicated project to produce knockout alleles 
for all mouse genes and place them into the 
public domain. The meeting took place from 
30 September to I October 2003 at die 
Banbury Conference Center at Cold Spring 
Harbor Laboratory, The attendees of the meet- 
ing are the authors of this paper. 

h a systematic project warranted? 

A coordinated project to systematically knock 
out all mouse genes is likely to be of enormous 
benefit to the research community, given the 
demonstrated power of knockout mice to eluci- 
date gene function, the frequency of unpre- 
dicted phenotypes in knockout mice, the 
potential economies of scale in an organised 
and carefully planned project* and the high cost 
and lack of availability of knockout mice bdng 
made in current efforts. Moreover, implement- 
ing such n systematic and comprehensive plan 
will gready accelerate the translation of genome 
sequences into biological insights. Knockout ES 
cells and mice currendy available from die pub* 
lie and private sectors should be incorporated 
into the genome-wide initiative as mudt as 
possible^ although some may be need to be pro- 
duced agiin if the)* were made with suboptimal 
methods (c^ not including a marker) or if 
their use is restricted by intellectual property or 
other constraints. The advantages of such a sys- 
tematic and coordinated effort include cfrkiem 
production widi reduced costs; uniform use of 
knockout methods, allowing for more compa- 
rability between knockout mice; and ready 
access to mice, their derivatives and data to alt 
researchers without encumbrance* Solutions to 
the logistical, organisation nl and informatics 
issues associated with producing, characteriz- 
ing and distributing such a large number of 



NAT UK £ GENETICS VQiUMfi | NUMBER 9 | SEPTEMBER 2C04 931 



20 




A 



Tier 2 pfionotyping 



Transcriptbroe analysts 



Tier 1 phenotyping 

Tissue expression analysis 
Knockout mice 



Mouse genome sequence 



figsr* I Structure of resource production in It* proposed KOMP tlsirtg tha mbuss gemwtte sequence 
as ^ foundation, knockout alleles in ES cells wrll be produced for a3l genes. A subset cl E3 eel: I 
knockouts will be used each year to produce knockout mace, determiiw ine ea-pressson pattern of the 
targeted gene in a variety of tissues and carry cut screening-level (Tier 1 J phenotyping. In a subset af 
mouse iiises. transcnp&ome analysis and more detai led system-specific iTm 2} phenotyping wHI se 
done. Finally, specialized phejsctyping will be done on a smaller number oJ mouse lines with 
particularly interesting ptereotyi&s. All stage$ will occur within the purview the KQMP except fpr the 
specialized phenaiyping f which well occur in individual laboratories with particular expertise. 



mite will draw from the experience of rela ted 
projects in the private sector and in acidemia, 
which have made or phenotyped hundreds of 
knockout mice using a variety of techniques. 
Lessons learned from these projects include the 
need for redundancy at each step to mitigate 
pipeline bottlenecks and the need for robust 
informant systems to track the production^ 
analysis, maintenance and distribution of thou- 
sand* of targeting constructs, ES cells and mit e. 

Null-reporter allele* should be created 
The project shoutd generate alleles ihar are 
as uniform as possible* to allow efficient pro- 
duction and comparison of mouse pheno- 
types, The alleles should achieve a balance of 
utility, flexibility, throughput and cost. A 
null allele is an indispensable starting point 
for atu dying the function of every gene- 
Inserting a reporter gene (e.g., p-galactosi- 
dase or green fluorescent protein) allows a 
rapid assessment of which cell types nor- 
mally support the expression of that gene. 
Therefore, we propose to produce a null- 
reporter allele for each gene. Making each 
mutation conditional in nature by adding 
ro-elcmems hxP or FRT me*) would 



be desirable, but we do not advocate this 
part of the rmitagen°e$ts strategy unless the 
technological limitations currently associ- 
ated with generating conditional targeted 
mutations on a lar&e scale and in a cost- 
effective manner can be overcome. 

A combination &f methods sfmuld he used 
Various methods can be used to create 
mutated alleles, including gene targeting, 
gent trapping and UNA interference. 
Advantage* of conventional gene targeting 
include flexibility in design of alleles, lack of 
limitation to integration hot spots, reliability 
for producing complete loss-of-funetioR alk~ 
les> ability to produce reporter knock" ms and 
conditional allele*, and ability to target splice 
variants and alternative promoters. BAG- 
based targeting has the potential advantage* 
of higher recombination em'ekneies and flex- 
ibility for producing complex mutated alle- 
le& w . Gene trapping is rapid, is cost-effective 
and produces a tar^e variety of insert janal 
mutations throughout the genome but can be 
somewhat less Sexibte* 7 '^ 21 , User* is uncer- 
tainty regarding the percentage of gene traps 
thai produce a true null allele md the fraction 



of the genome that can ultimately be covered 
by gene-trap mutations. Trapping is not 
entirely random, but shows preference for 
larger transcription units and genes more 
highly expressed in ES cells, hi recent studies, 
gene trapping was estimated to potentially 
produce null allele* for 50-60% of all genes, 
perhaps more if a variety of geae*ttap vectors 
with different insertion characteristics k 
uscd 1 ^ 1 . UNA interference offers enormous 
promise for analysts of gene function in 
mice 4 * but: is not yet sufficiently developed for 
large-scale production of gene modifications 
capable of reliably producing true null alleles. 
Both gene-targeting and geiie-lrappmg meth- 
ods are suitable for producing large numbers 
of knockout alleles, and, given their comple- 
mentary advantages, a combination of these 
methods should be used to produce the 
genome- wide collection of null -reporter alk« 
ks most cfllctcraly. 

What should the deliverables be? 

A genome-wide knockout mouse project 
could deliver to the research community a 
trove of valuable reagents and data, including 
targeting and trapping constructs and vec- 
tor*, mutant ES Cell lines* live mice, frozen 
sperm, frozen embr yos, phenotypic data at a 
variety of levels and detail, and a database 
with data visualization and mining tools. At a 
minimum, we believe that a comprehensive 
genome -wide resource of mutant ES cell lines 
from an inbred strain, each with a different 
gene knocked out, should be produced ajid 
made available to the community. Choosing 
an inbred line (129/SvEvTac or C57BU6J), 
ami evaluating the alternative of using Fj ES 
cells and tetraploid aggregation to provide 
potential lime savings, merits additional sci- 
entific review and discu&s ion 2 *-* 4 . ES cells 
$hould be converted into mice at a rate con- 
sistent with projec t funding and the ability of 
the worldwide scientific communiiy to ana- 
lyze them. Although the value and cost -effec- 
tiveness of systematically characterising the 
mice is a matter of debate, a limited set of 
broad and coit-efTecrive screens* probably 
including assessment of developmental 
lethality, physical examination, basic blood 
tests, and histoehemteal analysis of reporter 
gene expression, would be useful. More 
detailed phenotyping, based on findings 
front the initial screen or existing knowledge 
of the gene's function, could be done at spe- 
cial i/jpd center*. All KS cell clones and mice 
(as frozen embryos or sperm) should be 
available to any researcher at minimal tost, 
and all mousr phenotyping and reporter 
expression data should be deposited into a 
public database. 
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In determining how to implement the pro- 
ject, utility to the research community should 
be the standard for judging value. Each «cp 
after ES cell generation (e,g„ mouse creation, 
breeding, expression analysis, phenotypirig) 
will make the resource useful to more 
researchers bat will also increase co*ts and sci- 
entific complexity. We therefore advocate a 
'pyramid' structure for the project (Fig. 1 ), At 
the base of the pyramid is the genome* wute 
collection of mutant ES ceili for every mouse 
gene* Over time, a subset of these mutant ES 
celts should be made into mice and character- 
ised with an initial phenotype screen (Tier 1; 
Fig. tj and analysis of tissue reporter-gcnc 
expression. A subset of these lines should be 
profited by mieroarray anah/xis, and a subset of 
these profiled by system-specific (Tier 2} phe- 
notyping^ bawd on the results of the Tier ! 
phenotyping, array studies, existing knowl- 
edge of the genes function and the gene's tissue 
expression pattern. With time, the upper tiers 
of the pyramid will be filled out, eventually 
transforming the pyramid into a cube, with 
information of all types available for all genes, 

This project will require the resolution of 
numerous intellectual property claims involv- 
ing the production and me of knockout mice. 
To deal with the existing patents that cover 
the technologies and processes involved in the 
production of mutant mice, wc suggest that a 
'patent pool' such as that used in the semi- 
conductor industry 15 , should be generated. 
Several individuate who represent entities that 
control patents on mouse knockout technolo- 
gies are author* on this paper, and they agree 
with this approach. We also agree that any 
mutant ES cells or mice produced should be 
placed immediately in the public domain. 

Mechanisms and costs 

ES ceil production. Automated knockout 
construct and ES cell production should be 
carried out in coordinated centers to ensure 
efficiency and uniformity. We estimate that 
most known mouse genes could be knocked 
out in ES cells within 5 years, using a combina * 
tton of gene*trapping and gene* targeting tecli- 
mques. One trapping can produce a Urge 
number of mutated alleles quickly, but its 
progress should be monitored closely to deter- 
mine when its yield of new genes diminishes' 7 
and, therefore, when targeting should be 
increasingly relied on. As large-scale trapping 
projects have already defined gene classes that 
probably cannot he knocked out by trapping 
(A£, smgJe-exort OPCKs. genes that are not 
expressed in ES cells}* wc propose that target- 
ing begin on those classes immediately All ES 
ceils should be made available to the research 
community, because this collection itself 



would be a valuable resource, Bfibrts in rhe 
public and private sectors haw already 
knocked out many genes in ES cells* and, to the 
degree that the alleles produced fit the pre- 
scribed characteristics (Lc, null alleles; with a 
reporter) and are available* every effort should 
be made to incorporate these into the planned 
public resource. Costs for generating this part 
of the resource were estimated at between 
$9-1 1 mulion/year for five years (these and all 
subsequent figures are direct costs). 

Mouse production. The subset of ES cells 
made into mice each year should be chosen by 
a peer-review process, Central facilities for 
high-efficiency mouse production, genotyp- 
tng, breeding, maintenance and archiving 
should be funded, to take advantage of effi- 
ciencies of scale in mouse creation and distri- 
bution. Researchers could apply to produce 
groups of mice outside the centers, as long as 
Ihey meet the cost specifications of the pro- 
gram. All mice should be made available 
immediately to researchers as frozen, embryos 
or sperm, for nominal distribution cost. An 
initial target of 500 new mouse tines per year 
would double the current rate at which new 
genes are knocked out in the public sector; we 
feel that this rate b within die capacity of the 
biomedical research community worldwide 
to absorb and analyze. We estimated the ini- 
tial cost of this level of mouse production to 
be $12,5-15 million per year. 

Reporter tissue expression analysis. 
Approximately JO tissues from adult and 
developmental stages should be sampled to 
cover the main organ systems. Analysis meth- 
ods should be customised to the organ system 
and marker, and a searchable database of the 
sites of gene expression, and the images show- 
ing them, should be produced Centers to 
carry out these analyses and data curation 
should be selected by peer review. Wc esti- 
mated the cost of this component for 500 
mouse lines to be $2.5-5 million per year, 
depending on how much tissue sectioning and 
ceil- level analysts is done. 

Phenotyping. Tier 1 phenotyping should 
be a low-cost screen for clear phenotypes and 
should be done on all mouse lines produced. 
Ttei 1 should include home- cage observation, 
physical examination, blood hematological 
and chemistry profiles, and skeletal radi- 
ographs. The centers producing the mice 
should carry out the Tier I analyses, at an est i - 
mated cost of &2,5 million per year for 500 
lines, Selected lines, chosen on the basis of 
findings from Tier 1 phenotyping, tissue 
expression patterns, microarray data and the 
scientific literature, should undergo more 
detailed and s>^em- focused Tier 2 phenotyp- 
ing. Tier 2 phenotyping should be done in 



special tzed phenotyping centers, akin to those 
already in operation for phenotyping of mice 
produced by ENU mutagenesis. All 'Her 1 and 
Tier 2 phenotyping should be done on a uni* 
form genetic background by dedicated groups 
of Individuals in single locations, to facilitate 
consistency and cross-comparison of result* 
among different mouse lines. All Tier t and 
'tier 2 phenotyping results should be 
deposited into a central project database freely 
accessible to the research community. More 
detailed and specialized phenotyping could be 
done by individual researchers in their own 
laboratories; deposition of this more detailed 
phenotypc data would be encouraged 

Tran scrip tome analysis. Trarucripromc 
profiling of tissues from each knockout line, 
collected in a uniform way across all mice and 
tissues and placed into a searchable relational 
database, would add substantially to the sci- 
entific value of the project, though it would 
also add considerably to its cost 
Traiistfrtpiorne analysis should therefore be 
done on a subset of mice, chosen by peer 
review. We estimate that, with the hest cur- 
rently available array technology, an analysis 
of ten tissues would cost -S 18,000 per line. 

Conctusions 

This project, tentatively named the Knockout 
Mouse Project (KOMP), will be a crucial step 
in harnessing the power of the genome to 
drive biomedical discovery. By creating a 
publicly available resource of knockout mice 
and phenotypic data, KOMP will knock 
down barriers for biologists to use mouse 
genetics in their research. The scientific con- 
sensus thai wc achieved — that a dedicated 
project should be undertaken to produce 
mutant mice for all genes and place them 
into tfec public domain— is important but is 
only the beginning. Implementation of these 
recommendations will require additional 
input from the greater scientific community, 
including those responsible for program- 
matic direction and financial support of bio- 
medical research in the public and private 
sectors. This ambitious and historic initiative 
must he carried out as a collaborative effort 
of the worldwide scientific community, so 
thai all can contribute their skills, and all can 
benefit. International discussions among sci- 
entific and programmatic staffs since the 
Banbury meeting at Cold Spring Harbor, in 
both the public and private sectors, have 
shown tKat there is great enthusiasm and 
commitment to thi* vision. The next step for 
KOMP will he to move this visionary plan 
from conceptualisation to implementation, 
with an urgency befitting the benefits it wttl 
bring to science and medicine. 
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Special Topic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thomas Dootschman 

Background and Purpose: in mice, genetic engineering involves two general appro actios— addition of an ex- 
ogenous gene, resulting in transgenic mice, and uso of knockout mice, which have a targeted mutation of an 
endogenous gene. The advantages of th ese approaches is that questions cau be asked about the function of a 
particular gene in a living mammalian organism, taking into account interactions among celts, tissues, and 
organs under normal, disease, injury^ and stress situations. 

Methods: Review of the literature concentrating principally on knockout mice and questions of unexpected 
phenotypes, lack of phenotype, redundancy, and effect of genetic background on phenotype will be discussed. 

Conclusion: There is l ittle gene redundancy in mammals; knockout phenotypes exist even if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reyeal not only 
more phenotypes, but also may lead to better understanding of the molecular or cellular mechanism underly- 
ing the phenotype and to discovery of modifier genefo). 



One often hears the comment that genetically engineered 
mice, especially knockout mice, are not useful because they 
frequently do not yield the expected phenotype, or they (loot 
seem to have any phenotype. These expectations are often 
based on years of work, and in some instances, thousands of 
publications of mostly in vitro studies. Examples of unex- 
pected phenotypeSj based largely on experience with trans- 
forming growth factor beta {Tgfh) and baste fibroblast 
growth factor {Fgft) knockout and transgenic raice> will be 
presented to discu&s possible reasons for unexpected: black- 
out phenotypes. The conclusions will be that the knockout 
phenotypes do, in fact, provide accurate information con- 
cerning gene function, that we should let the unexpected 
phenotypes lead us to the specific cell, tissue, organ culture, 
and whole animal experiments that are relevant to the func- 
tion of the gmm in question, and that the absence of phen o 
type indicates that we have not discovered where or how to 
look for a phenotype. 

Before entering into how one should interpret unexpected 
knockout phenotypes and how one should deal with lack of 
knockout phenotypes, it is necessary to give a brief introduc- 
tion into how knockout mice are made. For detailed informa- 
tion, the following reviews aTe suggested (1-4). Transgenic 
technology has had a long history; thus, an introduction to 
that technology will not be given here. Rather* the following 
reviews are suggested (5, 6). At this juncture, it should be 
noted that, although transgenic vertebrates ranging from 
fish to bovids have been produced, knockout technology hm 

Department of Mofeeular CemefeicB, BUichecmBiry and Microbial w» Uni- 
versity of Ctadanati Collage of Medicine, Cincinnati, Ohio 



to date been successful only in mice, even though enibryonh 
stem (ES) cells have been produced from several other spe- 
cies, including hamster (7), rut <8), rabbit (9, 10), pig (11-13), 
bovine {14, 15), and zcbrafiBh (16). Consequently, the eatirt 
discussion will be focused on mice. 

Knockout mice tire generated by the injection of geneti- 
cally engineered or gene-targeted ES cells into a mouse bias 
tocyst to generate a chimeric embryo, which m turn can pasi 
on the engineered gene to its offspring. ES cell lines are es 
tablished from the inner cell mass of a mouse blastocyst s< 
that when injected into blastocysts, the ES cells can incor- 
porate into the inner cell mum of the recipient blastocysts 
thereby chi meriting them. Subsequent to transfer of the ehi 
merit: blastocysts into uteri of pseudopregnant mice, cbi 
merle mice are bom. If the germ line of a chimeric mouse ii 
colonized by cells derived from the injected ES cells, the chi 
mera is termed a "gennline" chimera. Some of the offspring 
of the germline chimeras will then cany the engineered 
gene in their genomes. Gene targeting in ES cells uses ih< 
ES cells' DNA repair apparatus to bring about homologous 
recombination between an exogenous DNA fragment trans 
fected into the E-S cell and its homologous region in the ge 
name. Homologous recombination usually results ti 
replacement of the endogenous region with the exogenou; 
fragment, thereby altering the endogenous gene in * 
prespecined. manner. There are many variations on this pro 
cedure by which genes can he altered not only to ablate tunc 
tion t but also to make more subtle mutations (1.7-19). Sucl 
procedures can be used to introduce point mutations, re 
move specific splicing products, switch isoforens, and human 
tee genes. In addition, technology has recently beei 
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developed to make conditional and inducible knockouts in 
which gene function is ablated either in a developmental!? 
specified tissue (20-22) or in an inducible manner (23-26). 
These techniques, though exciting, will not he further dis- 
enssfd 

Extensive nonredundancy in the TGFp family: Sev- 
eral thousand coll culture studies on the three mammalian 
transforming growth factor beta proteins {TGFps I, 2 t and 8) 
have implicated these growth and differentiation factors in 
the function of nearly every cell type studied. Expression 
studies indicated unique- and overlapping expression of the 
three TGF£s (27, 28). For example overlapping protein local- 
isation was found in all gut epiihelia, all layers of the skin, all 
three muscle types, kidney tubules, lung bronchi, cartilage, and 
bone (labte IX Together with the fact that all tht«e TGFfts sig- 
nal through a common TGF type-II receptor (Figure IX these 
data strongly suggest considerable redundancy in function. 
Consequently, i! is surprising that, of the >30 phenolypes of the 
three Tgb knockout mice that we have described (29-31 X none 
appear to be overlapping (Table 2), These results indicate ex- 
tensive nonredundancy between TGFp ligands even though 
there is considerable overlap in expression. Of course, these re- 
sults do not rule out the passibility of some redundancy in some 
tissues. Combination of the ligand knockouts would uncover 
such situations, and it is likely that a few will exist* but 30 non- 
overlapping phenotypos for three ligands strongly suggests 
that a vast number of their functions are not redundant 

There are several possible explanations for how there can 
be so much overlap in ligand expression and yet so much 
specific ltgand function. First, 'TGFps are secreted as latent 
peptides and must be. activated before they can bind recep- 
tors (32-35), The mechanism by which this extracellular 
processing occura is not well \inderstood and may be differ- 
ent for each TGF0. HenetJ, ligand processing presumably de- 
termines some functional specificity for the three TGFps. 
Second, thera is a third typeof FGFfi receptor, TGF0R3, that 
can interact with hgand and receptor types I and II before 
cytoplasmic signaling can occur, though involvement of 
TGF(5R3 is not essential for signaling (36-38). Association 
with type III receptors k thought to enhance some TGFfiRl 
and 2/ltgand interactions. Upon ligand binding, the serine/ 
threonine receptor TGFpBZ then associates with and phos* 
phoryiates the transmembrane serine/threonine receptor 
TGF0KI, which in turn initiates a phosphorylation-medi- 
ated signaling cascade. Hence, combinatorial reccptc-r/tigand 
interactions will also determine functional specificity. Third, 
signaling from TGFpRl can occur through two cytoplasmic 
signaling proteins called SMAD2 and 3 (39, 40) and, per- 
haps, through a third called SMADd (41.). In addition, 
SMA08 and 7 can also interact with the other SMADs to in- 
hibit signaling (42-44). Hence, differential SMAD protein 
interactions with transcriptional machinery will probably 
also determine functional specificity for the three TGFp 
ligands. Finally, there may be several non-transcript ional 
signaling pathways for TGFps. For example, we have found 
that TGF|tt-deficient platelets from Tgfbl knockout mice 
have impaired platelet aggregation that can be restored by 
incubating isolated platelets with recombinant TGFpl (un- 
published observations). Because platelets do nothava a 
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nucleus, there must exist a signaling pathway that is 
nontranscriptionaL In summary, given the complexities of 
ligand processing, receptor interactions, and signaling path- 
ways, it becomes clear why redundancy in TGF1, % and 3 
function has not been detected at the whole animal level, 
even though there is considerable overlap in expression of 
Tgfh gene family members. Consequently; if other gene fami- 
lies function with similar complexity, it is likely that, in the 
final analysis, little functional redundancy will be found 
within gene families. 

Two striking examples of apparent functional redundancy 
are worth considering. The first involves myogenic genes, 
and the second involves roiinoic acid receptors. Contrary to 
early interpretations, redundancy does not now appear to be 
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and are activated by mechanisms not yet dear. In general, TGF(3'2 interacts with a TGF0 type III receptor {WD before interaction with 
TOFp type II CE1I) and TOFp type I CRT) receptors; whereas, fchs TGFfi I and TGFp3 Hganris can interact directly with the type li receptor. 
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serine phosphorylation of n aeries of'SMAD proteins (related to the Droaophila *caotherB against decapen tap logic" protein) which then 
elicit transciptional regulation of extacellular matrix, cell cycle, differentiation and grow th factor receptor genes. The roles of the a$&oci» 
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the case for two of the myogenic genes known to he essential 
for specification of vertebrate skeletal muscle. Mycd and 
'Myf5. Even though the individual knockouts have muscle, 
and only the combin&I lockouts do not have mmcte (45), it 
is now clear that each gene functions in the specification of 
distinct muscle cell lineages, Consequently, in the absence of 
one source of muscle cells, the other source may compensate 
for that (46, 47). This should be termed developmental com- 
pensation, rather than gene redundancy. On the other hand, 
with respect to retmoic acid receptors, there is s\m good evi- 
dence for functional redundancy. Similar to the myogenic 
genes, retinoic acid receptor gene knockout mice have few 
phenotypea, where m the combined knockout e have many 
pheaofcypes (48, 49). Whether this turns out to be gene re* 
dundancy or another case of developmental compensation 
remains to be determined. 



Lack of phenotype: As is the case for TGF0, there also is 
a multitude of reports indicating- that the FGFs X and 2 have 
important roles m numerous cell types and tissues. Conse- 
quently, when the Fgf2 gene was knocked out by gene tar- 
geting, it was quite surprising that there wm no obvious 
phenotype (50), The Fgfif*' animals live a long : healthy life, 
and fertility and fecundity are normal. Even the pituitary 
gland, which is the best source of FGP2> appears not to have 
morphologic defects, The only evidence for any developmen- 
tal abnormalities is found in hematopoieais (50), where 
blood platelet counts are high* and in the cerebral cortex C51 f 
52), where morpho metric analysis reveals decreased cell 
den^ty Clearly, these abnormalities are minor, compared 
with expectations. This was all the more evident because our 
transgenic mice, in which the human FGF2 gene was ubiq- 
uitously overexposed by the pheaphoglycarate kinase pro- 
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meter (53*, had very short legs, suggesting an important role 
of FGF2 in bono development, yet the bones of the knockout 
animals were normal This apparent discrepancy between 
the transgenic «t4 knockout mice indicates that some other 
FGF signals through the same FGF receptor as does FGF2, 
and that this other FGF is the true Kgand that is imiwrtant: 
fobone development. Another possibility is that there as de- 
velopmental canmen&atton* by alternative mechanisms. lr* 
other words, the absence of FGF2 may cause developmental 
abnormalities during bone development that are then com- 
pensated for by another developmental pathway This alter* 
native would not necessarily require a different FGF to be 
involved* 

Afte we had made our first analysis of the Fgf% knockout 
mouse and did not find an obvious phenotype, it was easy to 
explain the "lack of phenotype" by invoking redundancy be- 
cause there are at least IS known Fgf genes. But in hind- 
sight, it now appears more likely that ell members of this 
large gene family have specific functions, evsn though they 



signal through receptors encoded by only four receptor genes 
{54} In Fgf% knockout mice, evidence was not found for up- 
regulation of the two li&ands most structurally related to 
FGF2-, namely, FGFs 1 and 5 (50).. Also, genetic combination 
of Fgk on* ^50) did not reveal redundancy between 
these similar gene*. In addition, further analyst of the 
mice revealed roles being played in hematopoiesis and 
vascular tone control (50) as well as in brain development 
and wound healing (61. 52). Finally, in addition toF^/2, 
Fgfs 3-5, 7, 3 also have been ablated by gene targeting, re- 
vealing functions in proliferation of the inner cell mass 
{Fgf4) tfiol; gastrulaUon and cardiac, craniofacial, fore- 
brain midbrain, and cerebellar development (EgfS) (56); 
brain and inner ear development iFgfS) (57, 5S); and two 
aspBtts of hair development <J%fl5 and 7) (59. 60), lb date, 
comparison of Fgf knockout pheootypes from 6 i of the 18 
genes hats not turned up overlap except possibly in the 
cerebellum. Together, thaue results indicate that each 
gene has important unique functions, Although a few re- 
dundant functions may eventually be found on combina- 
tion of Fgf2 with all Other Fjgfs except Fgf5, it is clear that 
6 of the 18 i%f genes studied by gene targeting have been 
associated with essentially unique knockout phenotypes. 

To summarize, what eriginalJy appeared as ^ack of pheno- 
type" led many of us to the premature conclusion that other 
FGFs must have functions redundant to those of FGF2. 
However, further analysis o$ Fgf2 knockout mice has since 
revealed a wealth of unique functions ranging from thromb- 
ocytosis and vascular tone control (50) to brain development 
and wound healing (51, 52). It Is my expectation that further 
physiologic analysis of the Fg/2 knockout mouse will reveal 
functions in tbe hypertrophic response to hyper^nsion and 
responses to isdiemia/reperfosion injury and bono injury In 
the final analysis, it is likely that the mojor roles of FGF2 
may have less to do with getting us to birth than with keep- 
ing us alive after birth, whereas- several other FGFs clearly 
have developmental roles. 

Effects of genetic background on phenotypic varia- 
tion: From 100 years of mouse genetics, it has become clear 
that genetic background plays an important role in the sus- 
ceptibility of mice to many disorders. Therefore, the. pheno- 
types of knockout mouse strains will also have genetic 
background dependencies as was first documented by the 
Magnnson and Wagner groups (61. m. The Trfbl knockont 
mire are an exceptional case in point (Table 3)- On a inised 
(50-50) 129 x CP1 background (CPl is a partially outbred 
strain) about half of Tgfbl knockout mice die from a preun- 
plantaiion developmental defect (63), and the other half die 
of an autaiuimuae-like multifocal inflamniatory disease at 
about weaning age (29), If the targeted T^fbi allele is back- 
crossed onto a C57BL/6 background, 99% of all knockout 
animab die of the preimplantation defecWB). Howevor, if a 
Tgfbl knockout allele iB pat onto a mixed 129 x NIH/Ola x 
C57BU6 background, embiyo lethality is observed durmg 
yolk sac development, not during preimplantation develop- 
ment (64). With respect to the multifocal inflammatory dis- 
order of Tgfbl knockout mice, if the targeted allele is put 
onto a 129 x CF1 mixed background (50:50), severe inflam- 
mation exists only in the stomach (29); on the -mixed 129 * 
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Table 3. Backgro und di!p*mdtmc^on W &/ kaoekout phanotypes. 
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NIH/Ola % C57BL/6 background, the intestines are mora se- 
verely inflamed than is the stomach (65). Finally on a P re " 
tiominantiy 129 background U2& x CFI; -&7:3), Tgfbl 
knockout Elite develop colon cancer if the inflammatory dis- 
order can eliminated by other genetic manipulations that 
render the mice immunodeiidtent < unpublished observa- 
tions}, However, on a predominantly C3H background, im- 
munocEeffcient Tgfbl knockout mice do not develop colon 
cancer (£G). These results suggest that modifier genes exist 
that can sigmffcaflUy affect the function of TGfpi in preim- 
plantation development, yolk sac development, bowel and 
gastric inflammation), and colon tumor suppression. 
Progress toward localising a modifier gene for the yolk mc 
developmental problem has been made (67)* 

What is the beat genetic background for knockout 
mice? Because b^ckgro^nd-depandent phenotypic variabil- 
ity will likely ha found for most knockout mice, it will he usa« 
ful to backcross a targeted allele onto several mouse 
backgrounds to make congenic strains- In this section, it will 
be argued that putting a targeted allele on a mixed strain 
background will also provide useful information. This is not 
to say that congenie strains are not useful, Rather, the point 
to be made hare is that there also are benefits to looking at 
rated strain backgrounds. Again, our experience with Tgfb 
knockout mice will be instructive. 

Generating homozygous mutant knockout animals on a 
mixed genetic background is faster. The ES cells are nearly 
always from a 129 strain, and the blastocysts 'into which the 
targeted ES cells are injected are nearly always 
For reasons unknown, this is a good combination for estab- 
lishing germtine transmission of the injected ES cells, The 
resulting chimeras can then be crossed with any strain de- 
sired, but 129, C57BL/0, or Black Swiss mice are most often 
used, and CFI mice ware used in the case of our Tgfbl 
knockout mice, Heterozygous offspring from this crossing 
will then be inbred 129 or Fi hybrids of 12S and one of the 
other strains. Clearly than, the quickest route to having th« 
knockout allele on an inbred strain is through 129. For the 
other strains several generations of backcrossing is re- 
quired, which can take well over a year. Unfortunately, 
strain -129 mice have low fertility and fecundity Conse- 
quently, the ttumhor of offspring per litter in usually fewer 
thriii six. Although 129 x GS1BIM hybrids am more robust, 
upon backcrossing onto C57BL/6, litter size decreases* Ho 
the contrary, the Black Swiss and CFI strains- are robust, 
and litter ska often is in excess of 12. The reason for this Ls 
probably because they are not truly inbred strains, bat 



rather are partially outbred through random breeding 
within their respective strains. Thtjrafora, one of the choices 
one lias is to stay with *pur«* genetics at the expense of a 
lower production rale and considerable delay before genera* 
tion of experimental animals, or sacrifice some genetic pu- 
rity to obtain a more efficien t production colony. Ideally one 
would want to do both, but this often is too expensive 

Mixed genetic background knockout mice often have a 
wider range ofphenatypes. The Tgfbl knockout mice back- 
crossed onto either the 129 or C5TBL/6 background 
(cungenics) yield only embryo lethality (63, unpublished ob- 
servations). On the other hand,' whan the knockout allele h 
maintained on mixed genetic backgrounds, embryo and 
adult phemotypes are maintained, 

The Tgfb2 & TgfbS knockout mice provide further ex- 
amples. The Tgjh2 knockout mice have more than two dozen 
congenital defects and die either immediately preceding or 
during birth, or within 2 h thereafter (30). Table 2 indicates 
that most of the phanotypas are only parti o ily penetrant. 
Though it is not documented* it is likely that the penetrance 
of some of these phenotypas wou ld increase to nearly 100%, 
and some of the other phenotypas would disappear were we 
to put the Tgfb£ knockout allele on inbred backgrounds. 
Henca, the mixed strain background probably provided more 
informa tion than would congenic strains. 

The Tgfl>3 knockout mice have & cleft palate (31). One 
colony of Tgfb3 knockout mim was loft as a mixed back- 
ground 1129 x CFI; 50:50} strain, whereas another colony 
was ba«kcro$$ed several generations to the C57BI/6 strain. 
These two colonies had considerable expressivity differ- 
ences; the inbred colony had more severe ckffcmg than did 
the mixed background colony In the latter, expressivity of 
cfefilag varied widely from animal io anitnal. This variable 
expressivity within the mixed background colony provided 
us with the opportunity to obtain far more data on develop- 
ment of the deft palate and whs, therefore, more useful ibr 
making assumptions about the cellular and molecular 
mechanisms by which TGF($3 supports palate fusion. Hence, 
using the Tgfb3 knockout mice, the mixed strain 'background 
provided, more information than did the con genie strain. 
Consequently, a wider range of penetrance and expressivity 
of phenotypc is a -major advantage of investigating knockout 
phenotypes in mixed background colonies. Further, variable 
penetrance of phenoiype in a mixed background colony sug- 
gests that there are modifier genes for each phenotypo that 
could be obtained by linkage studies. 
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Conclusions 

Questions have been addressed tbflt arose from lite last a 
years in which kaockout mice have been investigated to ana- 
lyse gem faxictta at the whole animal level These questions 
concern .gem wdundaiK^ apparent lack of phenotype in a sur- 
prising number t>flmodomt strains, and effects «rf genetk back* 
ground ob knockout pheiwtype. Using data obtained 
principally from Tgfb and knockout mice, it .is argued that; 
ih&re is probably 'little redundancy in the g&mmB tie., -that few 
genes are dispensable far survival of the specks). Apparent 
lads; of phenoiype mare likely rejects our inability to ask tb« 
right questions, or our lack of tools to answer them, than it does 
a true lack of tactian. Finally discussion of genetic back- 
ground phe&oiype variability* including variable penetrance 
and expressivity was used toprasentsmofte of the advantages of 
working with mixed gmmiic backgromid colonics of knockout 
mice, For all the examples given here, there ara counter ex- 
amples that must be taken eeriowly; con^qtien% these argu- 
meatsmoat not be tak«n.as absolutes. For example, if & grate in 
a particular mouse strain lias recently been duplicated, it will 
most likely be reduiidant If one is studying tissue rejection in 
a knockout mouse, the genetic background obviously must be 
well defined and preferably inbred. On if one wants to use the 
susceptibility of a particular mouse strain to cancer to investi- 
gate (be function of the knockout gene Sa progression of that 
cancer, the knockout allele must be put on that mouse strain , 
in general, bower; when setting op approaches for investigate 
ing a mw gone knockout mouse, I believe one would he well 
advised to assume that: there is little gene redundancy in 
ttt flmmflfa; there are knockout phenotypes even if none are im- 
mediately apparent; and investigate* phenotypes in mixed 
genetic background colonic may not only reveal more pfceru> 
types, but may lead to better underalanding of die molecular or 
cellular mechanism underlying the pheaotype, and may lead to 
modifier gene discovery, 
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the target gene in a particular place or at a particular time. The most common of 
Aese recombmauon systems called Cre/tax, is widely US ed to enrineTgene 

m ES cells is replaced by a fully functional version of the gene that is flanfcffhv 
a pa.r of the short DNA sequence,, called .ox sites, that are «2LSS?S t£ 

n'" T^ e ? Wteitl - Thc ,rans « enic mict result areXiica^v 
normal. They are then mated with transgenic mice .hat express ffiKX 
taase gene under the control of an inducible promoter, in thesped^ X 
t^ues In which Cre is swjtched on , it cataJ combination between tSox 
sequences-erasing a target gene and eliminating its activity Sim ScomhT 



(A! as caHs «f owinjf 

hi tfc*uo cuSture 



female mouse 




INTRODUCE A DNA 
FRAGMENT CONTAINING 
ALTERED GENE (NTO 
MANY CELLS 



LET EACH CELL 
GROW TO FORM 
A COLONY 



TEST FOR THE RARE 
COLONY IN WHICH 
THE DNA FRAGMENT 
HAS REPLACED ONE 
COPY OP THE 
NORMAL GENE 





EARLY EMBRYO PARTLY 
FORMED FROM ES CELLS 



INTRODUCE EARLY 
EMBRYO INTO 
PSEUDOPREGNANT 
MOUSE 



ES cells with ono copy of target 
Qttttt reptecod oy mutant goro 




SOMATIC CELLS OF 
OFFSPRING TESTED FOR 
PRESENCE OF ALTERED 
GENE, AND SELECTED 
MICE BRED TO TEST FOR 
GENE IN GERM-LINE CELLS 




TRANSGENIC MOUSE 
WITH ONE COPY OF 
TARGET GENE REPLACED 
BY ALTERED GENE 
IN GERM LIKE 
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Chapter 8 ; MANIPULATING PROTONS, DN1A.AND RNA 



Rgure 8-70 Summary of the 
procedures used for making ^ 
replacements tn mice. In (he 5^ 
(A), an afcered version of the gene is 
introduced Into cultured £S (embry^ 
«em) cells. Only a few rare ES ^ 
have their corresponding normal genti 
repbeed by the altered gene thro^ a 
homologous recombination event. 
Although the procedure h often hberie« 
these rare cells can be Identified an* 
Cultured to produce many descend*^, 
each of which carries an altered gem n 
place of one of its two normal 
corresponding genes. In the next stop 4 
the procedure (B), these altered ES «& 
are injected into a very early mouse 
ernbryp; che cells are incorporated ihto 
the growing embryo, and a mouse 
produced by such an embryo wiB contain 
some somatic ceEJs (indicated by oragej 
that carry the altered gene< Some of thi» 
mice wtH also contain gcrnvltoe celts thn 
contain the altered gene. When brcdv^ 
a norrnaf mouse, some of the progsof sf 
these mice wifl contain the altered put* 
all of their cells. If two such mice are b 
wrn bred (not shown), some of the 
progeny witJ contain rw© altered gene 
{one on each chromosome) in all of ther 
cells. 

If the original gene alteration compisEcfr 
inactivat** the function of the g*jie.ih<« 
mice are known as knockout micaWbe: 
sveh mtce are missing genes that function 
during development, they often die wfcfc 
specific defects tong before they reach 
adufthood. These defect are careful 
analysed to help decipher thc nortraf 
function of t>ie missing gene. 
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n ic Plants Are Important for Soth Cell 
and Agriculture 
plant is damaged, ii c&n often rcpuir itself by a p rocess In which mature 
*ffi!rt«ti*H^ "dediflfercntiate/ proliferate, and then fedifiereniUite Uuu 
fELrtB types- In some circumstance the dedifferentia ted cells can even form 
deal mcrisiem, which can then give rise to an entire new plant, inc)ad Ing 
^rsiU< T ^ s r cniJirkable plasticity of plant cells can «xptoired to generate 
^L^ie plants from cells growing in cut turtv 
y^ri a piece <? f pbmt tissue is cultured in a sterile medium containing 
^^aasd appnapf late gr<nvtri regulators, many of die cells are stimulated to 
literal utdefiniiety in a disorganized manner, producing # m$$s of relatively 
P^U^eniiaied cells called a callus. If the nutrients arid grtn-vth regulators arc 
Lt&Uy manipulated, cine can induce the formation off a shoot and th«n iwh 
^ tneristems within the callus, and, in many spates. a whete ci^v plant can 

Ollns cultures can also be mechanically dissociated Into singjte cells* which 
ktB grow and divide as a siispensicm culture, in several plants— including 
njiii6#i. petunia, carrot, potato, «liid Ambidopsis — a single cell from such a sits» 
P^rt cidture can be grown into a small clump (a dom) tarn, which a whole 
^fticanb^ regatta led. SmcJi a cell wttkii lias ihe ability to give rise to all parts 
oft&wgMifei**. to considered totipotent. Just a$ mutant mfc$€3fi'fee derived by 
g»ngiic maaipuhnlon of embryonic stem cells in culture, so transgenic plants 
canbecceSHsd from single totipotent plant cells transfeceed with DNA In culture 

The ability to produce transgenic plants has gready accelerated progress in 
i^anyoteasol plant cell biology. It 'has had an Important role, for example in i$*>- 
i&ing receptors for growth regulators and in analysing the mcschattbms of mm- 
ffeugeneste and of gene expression in plants. It ha$ opened up many new 
possibslife us agriculture that could benefit both the farmer and the consumer, 
ithasmadcit pfl$sihJ«, for example, to modify the lipid, starch, and prni*H» stor* 
tge reserved in seeds, to import pest and virus resistance to planus, arid to create 
modidsdi plants that tolerate extreme habitats such as salt marshes or water- 
ifiEssedsoll 

Maty of the major advances in understanding animal development haw 
ttmr from studies on the fruit fly Dwsaphfta and the nematode worm 
OmnhabdMt which arc amenable to extensive genetic .analysis as wdt 

« to experimental manipulation, progress in plant developmental biology has, 
to the post, been relatively slow by comparison. Many of in* plants thai have 
$row*d most amatabk to genetic analysis — such as mate* and totnalo— have 
IfcgiSfc cycles and very large genomes, making bodi classical and molecular 
arcarysfcs time-consuming, Increasing attention is coraequ&nily being 
a fast-growing Small weed, the common wdl zzxtss (Ambidapsis 
wwnaX which has several major advantages as a "model planr £see F%ur$s 
M6.and 21-10?). "The relatively small Ambidopsis genome w;i$ the fust plant 
fcnom£ to be completely sequenced. 




Figure 8-T1 Mow so with an 
cng|rt^r*<1 defect In f&rob&st 
growth factor 5 (FGPS). F&F5 b a 
nqgatiws w^tMfci* h*^ tortr^ttcr*Jn a 

iBt^ib^ FGF3 (Ag^. the hair tt texn& 
ajre^ired wtdi its twptc^I^U* l?U«rnVite 
(lcfi>.Tfan*|;e!tic nice with pherKKypes 
thit mEmic aspcoa of a variety of hum*» 
dijonfers, tiu'lii^i^; AiitheimfipV dbtis*, 
^.UieirEsd'erosa, diabetes, cystic fibrciK, 
and icmc t^nt of aixert. *uv* b<H^i 
^»«nit«i ( Their jtwsdy may lead tso the 
dcv«-k>f^ncr<t of more dtfeeiSvfi tr^trr»(inEj t 
{CcM/C(«>y <?f Gail H2rtin. fmmJ.MI. Meberr 
€t al, Ctty 7fl: 1 01 7-1025, I © 0sfiy^f,j 



Recollections of Tagged Knockouts Provide a Tool for 
*^nmg th* Function of Every Gene in an Organism 

dTorUH are underway to generate cxkmprnnertstve libraries 



"^*os& in scveml. model organisms, Including & Ctteirc&ws, C. clega/is, 
Q^^'A^^psis, and the nKiuse/fltc ultimate ainn in esach ease to pm* 
'j^j^' 0 " t>f- mutant strains in wiitch every gene in the organism has 
fepZf L s^tmatteally deleted, or altered sucl^ thm it can be conditionally 
^ tet^rii ^ ^ provide an invaluable tool for Uivtsstigat- 

^sS^^^ 011 0x1 a ^OHtK' scale, in some cases, each of the individual 
^itct^i 11 ^ 11 ^ C « Jctiton s P DTt * distinct moteciaiar tag-^a unique DNA 
^ |c desigived 10 make identification of the al tered gene rapid and routine. 
CBnra ^ittr^ th« task of generating a set of 0000 mutants, each missing 

I^^GaNE DtPRSSSON AND RIMCTION 
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which exogenous DNA is introduced from a bacterium 
into a hosi cell The mechanism resembles thai of bac- 
terial conjugat ion. Expression of the bacterid DNA in 
its new host changes the phenofype of the cell. In the 
example of the bacterium Agrobactrrtum htmefiicmts, 
the result is to induce tumor formation by an infected 
plant cell 

Alterations in the relative proportions of compo- 
nents of the genome during somatte development 
occur to allow insect larvae to increase the nmftibcr of 
copks of certain $enes. And the occasional amplifica- 
tion of genes in cultured mammalian cells is indicated 
by our ability ro ixlcct variant cells with m increased 
copy number of some genes, Initiated within the 
genome, the amplification event can Create additional 
copies of a gene that survive in either intrachromoso* 
mal or extrachraniosomal form. 

When extraneous DNA is introduced into ewkary- 
otic cells, it rtxay give rise to cxtrachramosomal forms 
or may be integrated into the genome. The relationsh ip 
between the e^rachromasomaJ and genomic forms js 
irregukr, depending on chance and to some degr.ee uo- 
predictable events, rather than resembling the regular 
interchange between free and integrated forms- of bac- 
terial plasmids. 



Vet, however accomplished, the process mav lead i» 
$mk change in the genome; fallowing its injection 
into ammal eggs, DNA may even be incorporated tn*o 
the genome and inherited thereafter as a norma] cum- 
poaenn sometimes continuing to function, Injected 
Dm may enter the germime<u wdl u the soma, create 
ing a transgenic animal, The ability to introduce sp^. 
eifte genes that function in an appropriate mariner 
could become a major medical technique for curing 
genetic diseases* h 

The converse of the introduction of new genes h 
the 4>iltly to disrupt specific endogenous genes 
Additional DNA can be introduced within * gene to 
prevent its expression and to generate a mill allele. 
Breeding from an animal with a. mill allele can generate 
a homozygous "knockout*, which has no active copy of 
the gene. This is * powerful method to investigate di* 
rcctly the importance and function of agent. 

Considerable manipulation of DMA sequences 
therefore is achieved fcrcrth; in authentic situation* and 
by experimental .fiat. We are only just, limning I0 
workout the mechanisms that permit the cdj to re- 
spond TO selective pressure by changing its bank of se- 
quences or thiii allow it to accommodate the intrusion 
of additional .sequences* 



The mating pathway is triggered by signal 
transduction 



<T*ke yeast & cvmi$i#ecan propagate happily in ei- 
A ther the haploid or diploid condition. Conversion 
between these states takes place by mating (fusion of 
haploid spores to give a diploid) and by spoliation 
(inaosfe of diploids to give haploid spores}, The ability 
to engage in these activities is determined by the mat- 
ing type of the strai n. 

The properties of the two mating type* are sum- 
mamed in Figure 17X We may view' them as rest- 
ing on the ideological proposition that th**e is no 
point m mating unless the hapMds are of different 
genetic types; and sporulation is productive onlv 
when the diploid is heterologous and thus can cciu 
crate recombinants, 

The mating type of a (haploid) cell is determined by 
the genetic information present at the MAT locus. Celts 
that carry the MATv allele at this locus are type a: like- 



wise, cells that carry the MATe allele are type a. Cells 
ot opposite type can mate; cells of the same type 
Cunnot. 

Recognition of ceils of opposite mating type is 
Figure t7.i Mating: rypeconttote sewal activities. ■ . 



■ _ fAATo 

Cefftype a ' 

Spoliation rid 

Pherornune a factor 



MATa 
no 

a factor 



bfj^satecfeor bhcf$ a 'factor 



a/a 
no 

none 
none 
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Preface 



Over the past tea y^ars it has toe possible to make essentially an y muta- 
tion in the gennline of mkc by utilizing recombination and embryonic stem 
(HS> cells. Homologous recombination when applied to altering specific 
endogenous genes, referred to as gene targeting, provide* ih« highest level uf 
control aver producing mutations in ctoned genes. When, ibis is combined with 
site specific recombination, a wide range of mutations can prod uced. ES eel I 
lines arc remarkable since after being established bom * blastocyst, they can 
be cultured ami manipulated relatively easily in vitro and still maintain Uicir 
ability instep back into a iKffliat dcvetopmcaial prwora wfcm returned to a 
prcHmpfcmtation embryo. With the exponential increase in the number of 
genes ident ified by various genome projects and genetic screens, it has become 
imperative that dtldent methods b£ developed for determining gene function. 
Qene targeting in £S cells offers » powerful approach to study gene function in 
a mammalia* organism . Gen* trap approaches in BS cells, in particular when 
they are combined with sophisticated presereens, offer nctl only aioute togene 
discovery, but atec* to gain information on gene sequence, expression mid 
mutant phenotype. , ^ 

The baste technology twcessary for making designer mutatkms u* mice has 
become widespread and researchers who have traditionally used cell biology 
or molecular experiments are adding g&ne targeting techniques to their reper- 
toire of expcximtal approaches. A second edition of thbs book was written for 
two main reason The first was to update previously described techniques and 
to add new techniques thai have greatly expanded the types of mutations- that 
ean be made using recombination in ES cell** A chapter in this n$w edition 
describe the design and use of site sped&e recombination tor gene targeting 
a^roaehes and production of condii tonal mutations. 1he sec&nd reason for 
the new book was to provide a more in depth discuSSkm of the experimental 
design considerations that are critical, to a mrt^M gene targeting Study and 
10 add approaches for analog mutant phetiotypefc. the most interesting 
part of an experiment. Gene targeting experiments should he designed^ to 
go far beyond just making a mutant manse. The smx*& of a gene targeting 
experiment no longer Eie« in the making of the imitation, but depends on the 
imaginative and insightful analysis of the mutant phe^o types that tlt<* mutation 
provide A chapter in this echtiofi describe the use of classical genetics in 
combination with gene targeting to get ihe most out of a gert&rk: approach to u 
biological question 

The nature of in vivo gene targeting studies of gene function are s«dh that 
critical design decisions must \w made at every step in the experiment, and 
each decision can hiive a major impact on the value- of the information 
obtained. From th*? fctari, the type of mutation to he mode- tnml be considered 
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carefully. Whereas 10 years ago most mulattos 'WW designed w create null 
mutations and were therefore relatively simple to design, at present, a. null 
mutation is crdy one of a long list of mtitatfoits; that can be made, each provid- 
ing different insigjb! into the fcnecfon of a gene, Pnint mutations, large deb- 
t*ot&, &en$ <exch&ftge9 (knock-* its) and conditional mutation* arc but a few of 
tlit chokes mm faces at the start of a geite targeiing e^dm&tH, The mxi 
ehoscc is tfec source of DN A for the targeting experiment m\$ ES cell Sine to he 
used for the manipulations. Once the mutant ES cell clotus has been obtained, 
there are then a number of alterative approaches that can be used to make 
ES cell chimeras lltat depend m. the E$ cell liaic which was usetL finally,, and 
most importantly, is the analysis of any piienotype that arises. This second 
addition discusses techniques used to analyse muUuxt rokc, ranging from $ti*n? 
dard descriptive evaluation, to a chimera analysis or eoinpikmed fcrc^disig 
experiments thai tttiitee <kwh\e mutttfit&, If mice are simply considered as a 
+ bag of celts' or mi in vivo source of selected cell types, then the tremendous 
resource which mtee offer as a model organisivfe m not bcmgreafed.Thc life of 
n mouse represents a continuum of dynamic processes, including pattern for- 
mation, organ development learning, homeostasis and disease. By making 
genetic alterations in mice using gene taatgetstag &nd BS cells, \h% effects of «i 
given change can be studied in the context of ttie wfeole organism. 

My goal in editing this hook was to provide $ manual that could take a new- 
comer to the exciting: field of gene targeting and mutant analysts in mice from a 
cloned gene to a. busk understanding ®t the genetk approaches tw&itote using 
ES cells, and how each technique can he used to design * particular in vivo te$t 
of ggne function. The hook should also provides valuable; bench side resource 
for anyone carrying out gene targeting or geaic trap experiments, a chimera 
analysis or classical genetic approaches, I would once Again like to extend 
many thanks and my deepest appreciation to all the authors ior t&dr great 
tjftottii- Id including detailed protocols and Ncid idi$cu&tfo.ft$ of the various 
approaches presented. 1 would ato like to thank ray family for their strong 
support and laboratory members past and present for helping to make gene 
targeting a reality, Fsnally, since many of the techniques use mke* the experi- 
ment should be amsd owl in tt&&4mt& with load regulation*. 

New York, NY A.LJ. 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTY, ALEJ ANDRO ABU IN, and ALLAN BR ADtliY 



1. Introduction 

Wh$n a fragment of genomic 0NA is inirodiioed into a mammalian cell it can 
locate and recomfame wilh the en.doj»£no&$ hMologotfii $e^t*efi£es. Thte type 
of homoid^w teeotttNftasion,, known m geiae largetitt^ is the subject of this 
chapter, Crenc targeting has bs&ii widely *i$ed, partkitoly la mouse em- 
bfymik-stcm (ES) cells, to mafct* a variety of rouaations in many different loci 
m that. the phenotyptc consequences of specific- genetic modiicatlotiis can he 
assessed in the organism, 

The first «ttp«$ira$!tMil #vkUmc& for tHe oceuri^ifcae (4 tasting m 
rnamm&iiafi eels was made u&ing a fibroblast celt line with a selectable 
arUHc&l locus by Lia <?f a/, (t), and was subsequently demonMratcd to occur at 
the endogenous p<gtobia gene fey Sniiihfes tt al m erythre^eukaerda cells (2). 
In general* she frequencies of gene tattling m «immnp&!Mr* relatively 
low £4mp#£ed 10 yeas* cells and tMs £g poMhty related to, at (east in part, a 
eotnpetifig pathway: ^fficierit mtepatiort of the tr^nsCeetcd DNA mto a ran- 
dom t;3ircmKKi<?nial site* The relative ratiu q£ targeted to randum tnlcgraLi^n 
events will determine the case wish which targeted demes are identified in a 
%m& tajrg&tuig ejq&fitdeiftf* Tills eisapier details &spe€& at vector design which 
can determine the effMeocy of repombiaatlm the type of mulatto thai may 
be generated in the target locus, as wcVi as the selection and screening 
sit&tegte* which can be used to identify clones of ES cells with the desired 
targeted tnodifaikn, Sitter the most common ejqjenenmual strategy k to 
ablate thg ixmcikm of a tMpi gene fcti*# offcfe) oy inUodtfd#g a selectable 
marker ^ne, we initially describe the vectors and the selection schemes which 
ate helpful in the identification of recombinaEit clones (Sections 2-5). In 
Section 6„ we describe the vectors and additional considerations for gener- 
ating subtle mutations in a target locus devoid of any exogenous sequeiKm 
Finally, Section: 7 k dedicated to the «se ol gease targeting as a method to 
express exogenous pnes from spedUe endogenous reguhtoiy elements in 
vivo, alj&> known as 4 km>ck*m* strategies. 
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i: Gene targeting principles, and ptactica in mammalian ^elis 
enftcb populations of transacted ccLls for larked integration events. (Section 
4.2.1)- 

2,1 0esigQCOitsideration« of a replacement vector 

The principal consideration an the design of a replacement vector, is the lype 
of rnutatson generated* Jkcorujary (yet still imporlanl) consideration* retote 
to the selection scheme and screening techniques required to isolate the re- 
combinant clones. The recombinant alleles generated by replacement vectors 
typically have a flection cassette batted into a coding frXOft or replacing pari 
of the locus, ft: is important to consider that, mm interruptions and small 
deletions will not necessarily ablate the function of the ta rget gene to generate 
a null allele. Consequently, it is necessary to confirm that the allele which has 
been generated is null by RMA andtor protein analysis and in many cases 
; transcripts and truncated proteins from such a mutant aatete cm be detected, 
Considering tot products from the mutated locus may have same funcikm 
(norma! crabnormal) it ks important to design a replacement vector W tfwit 
the targeted allele is null, particularly in the absence of a good assay to* the 
£ene product. Disruption or deletion of the coding sequence by the po^tivc 
selection marker will in mast Instances oblate a gene's ffunction. However m 
sonic situations a truncated protein may be generate which retains some 
biological activity, thus some knowledge of mutations in a related gene in 
another Organism can be helpful in the determination of the possible function 
of a targeted allele. Null alleles are more likely to occur by deleting or 
rcccraMnijig » flection cassette mto more 5' exons rather ifeaa exons that 
encode the C-tcrminus of the protein, since under these drcumsiances 
minimal portions of the wild-type polypeptide would be made, 

! There- are several considerations to tatce into account whei* a positive 
selection marto is to be inserted into an exon. One crifel comideradon is 
I diat dnce the length of an exon can mflii&ncc RN A iplimg ft). m artificially 

1 large exon caused by the insertion of a selectable marker may not b& 
recognized by the splicbig machinery and could be skipped. Thus, transcripts 
initiated from the endogenous promoter may delete the mutated exon from 
the mRHA Species or even additional c?ro«s. If a skipped aon is a coding 
exon whose nucleotide length k not a multiple of three (codon) the net result 
will be both a deletion arid a trame-shift mutation of: the gene, whkh will 
often generate a null allele. However, if the disrupted coding exon has a 
nucleotide length which is a multiple of three, if spliced out, this would result 
s in a protein wltb a small in-frame deletion which may retain partial or com- 
J plete function. The same concept applies to gene targeting vectors in which 
j exons are being deleted and replaced by the- selectable marker. Deletion of ar> 
] exon or group of exons with a unit number of oodom -may also result in a 
funaiimal protein product with an in-frame deletion. For most purposes it is 
I advisable to delete portions or all of the target geitc so that the genetic 
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Production of targeted embry onic 
stem cell clones 

MICHAEL P. MATISE, W0JTEK AUERBACH **d. ALEXANDRA L 
JOYNBR 

1. Introduction 

The discovery that ctiined DNA introduced into tissue culture cells cm 
undergo htanftSogcnis recornbrnatLnn at specific chromosomal tod has 
revolutionised our ability to study gene function in c^ll culture and w vivo. In 
theory* this tecfttf i<gll£t termed gene, targeting, allows one to generate any type 
of mutation in my ctone-d gene, The kinds of mutations that cm he created 
include null mutations, pom tanmwm, deletions of specific functional 
domains, exchanges of functional diOiftfting from related genes, and gaitK>f* 
function mutations in ivhfch isxag&mm cDNA sequences are snorted 
adjacent to emlog^mms regulator)' sequences, In prin«ipig» such specific 
genetic alterations c^si b$ rtittite m any cell line growing m culture. However, 
not all cell types cm be maintained in c&tiurc under the condition aeecssary 
im !r&n$feetkm and selection. Ovct test years ago* ptaripolcm embryonic 
stem ()=*$) cdl* derived from she inner cell mass (EChf) 0f HKHise blastocyst 
stage embryos were isolated m& conditions defined for their proportion and 
maintenance in culture (t. 2). F.S celts resetnbk ICM cells in many t^^rn^ 
inching their oMltty to contribute to a!3 embryonic tissues in chimeric mice. 
Using .stringent culture conditions, the embryonic developmental potential of 
ES ceils can he m&mmmd following genetic manipulations ami alt«t many 
passages ut vifw>- Furthermore, permanent: mouse, tines carrywg genetic alter- 
ations introduced into ES eel]$ c$n be obtained by transouEtiag the ointaUan 
through the germitne by generating IS cell chimeras (described in Chapters * 
and 5). Thus* applying gene targeting technology to ES cell* in culture affords 
researchers the opportunity to modify 1 endogenous genes and study their 
function in vivo. In initial sjaWtcs, one of the main cha|1cing$$ of gene targeting 
was to distinguish the rare homologous recombination events from mmv com- 
monly occurring random integrations (dbetfc&ed in Chapter 1). However, 
advances in cell culture and in selection schemes, in vector construction using 
Isogenic OKA, and in the application of rapid ftreening procedures have 
made it possible to identify homologous remmbi natM>a even is eMckn tly. 
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Preface 



Targeted mutation of genes expressed to. the nervous system is an cscitiitg mw research 
field thai is forging a rcmaricaW* amalgam of molecular genetics ami beH&viofal ncisro- 
scjeftcc. My laboratory in fcJethesda to been the fortunate redptetft of visits from .many 
nwlecutar genctbta over the past five years, wbo come w ask, "What^ wttmg with my 
mouse? Can you tell its what behaviors* are abnormal its ow null mutants? And how *&> you 
measure befcaft-iari anyway?" 

Wc have bs*d sortte remarkable opportunities io tollab&rate with outstanding molecular 
genetidsus in the Hstieoai Institutes o£ HcaUh Intramural Research Program and thro«#* 
m die tt^rld aa inwstigatioDs of the beha^aeaJ effects of "mutatlaDs in g«nes «j£pi««ed m 
the mouse brain. Each of these coSlobrntiom has been, a learning experience, increasing 
our ttjufcrsiandiixg of the optimal experimental design for nmfymn$ behavioral pheootypes 
of mutant mice* What iw the best tests to address each specific hypothesis? Which meth- 
ods work best for mice? Which rat tasks can be adapted fcrtmce? What arc the correct con- 
trols"? What are the hidden pitfalls, luikkg artifacts, folse positives, and false negatives^ 
Which statical teste arc most sensitive for detection of the genome effect? Wba* is the 
minimum mmvber of animals necessary for each genotype,, gender, and age? Our laboratory 
and many others arc gradually working out the hm methods for behavioral phenotypkg of 
tnuts&entc and knockout mice. 

In the same conversations, molecular geneticists &equcatry asked me to rcwmrnend a 
book they could consult to learn mote about behavioral tests for mice, Apparently tte $ct- 
eotific Ixxsk publishers arc ccceHiag similar queries. Ann Boyle and Robert Hann$taa at 
John Wiley & Sons, convinced of 3 real need for such a book, sweet-talked me into f iRUg 
the void. What's Wrong ffitk MyMou$c? is written for these moneering molecular geneti- 
cists, and for the talented vtudenls wt«o will be the next driving tee in tttoving the field 
forwards 

On » personal level, 1 would like to express deep appreciation to all of my behavioral 
oeuroscient&t colleagues around (he world for thek oii^tandiag work, past, present and fu- 
ture, Your contributions to the excellence and abimdane* of mouse behavioral tests provide 

fx 



47 



the foundation for the rapidly capsnrfing scientific discoveries fortficomuig fhxm fechavktral 
phenotypnig studies of mnsg*nlc xund knockoutinke. TOs took is a testanra & u> your ox?- 
complishmosts. 

£*CQUEMNk N- CnAWKBV, Ph.D. 



48 



Designer Mice 



The disease is inherited. Family pe%re*s indicate an aisto^ial dominant gen*. Uniagc 
analyses reveal ww strongly associated cbroflfcosomal locus. Mapping identifies the geoe. 
The cDhSA for the gene b sequeitsed. The asatomital dlstritartio& of the E« n ^ primarily 
in the brain. Tbc symptom* of the discus* are primarily neur*>psysMatric. Tfcere is no tteas* 
mt\t for the disease, The disease is lethal- 

Your mission* {Should you choose to accept it, is to develop a treatment for the disease: 
Repiacement gene therapy is the best hope. But you do^'t Joaow ihe gene produce you 
douH know its function, and you <ta*t know if gene deiivay would be therapeutic Where 
do you start? 

These days-, you may- choose to start with a targeted £fctte ma£alion f to generate a mutant 
mouse model of the hereditary disease. A DNA ceastroisi containing the nwtoted form of the 
responsible gene is developed The construct es insetted into the mouse geaoraie. A line of 
trice with tbc mutated getie U generated. Ch&Kii^ri&ks of the ms&uH t*uce are identified in 
^nmparaon to norma* coaaoK Salient ch^tedsties relevant to the Ittimaa disease arc qum* 
titawML These d&easetfke traits are then used W; test variables for «vg|uaii&£ the ei&ctiveii£*$ 
oftreatmenis. .Puisuive trearmrms are administered to the muim take. A treatment that pre- 
vents ox reverses the disease traits ia tbe mttfan* mice is taken forward for further les^tog &*a 
potential therapeutic treatment for the human genetic disease, Gene therapy, based on targeted 
gene replacement of (he missing or incorrect gene to the human hereditary disease, i« de- 
scribed in Chapter 1 2. In the tAiturc, medico* may shift emphasis &om treating the sym^tnis 
to admk&ering replacement genes that effectively and parmaaeffltiy c«rc the disease. 

Tasted gene mutation in mke represents a new technology that is revolutionising bto- 
rnedteal fescarek Transgenic mice have an extra gett* added. An addition! ce*py of a nor- 
mti $e»* is inserted into the inmssc genome to study a^erexpressScru of product Or 

u new gene b added thai is not normally present in the mouse genome, The new gene msy 
he the aberrant fom of a human gene linfcsd to a disease, for vmmpit? die mutated form of 
the human hunitrtgitn gene is &dded to the mouse genome 10 generate a mouse model of 
Huntington's disease. Knockout mitt have & gene fofa^Vt\& out! mutant homozygous 

1 
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2 m&GttERmm 



knockout mmm k deficient in alleles of a gene- tine hetero#ygotc is defied m one 
of its two alkies for the gene, The genotype is forihtauEl ttuuiji*, +/- for (he faet- 
«rozygote, a«d +/* for the wilrttypr normal control. Tbe pbtno typ e is the m of oh- 
jerad cfaaraOaHgtjce resuMag from the mutation. Ffcraotypo* -include bsoetanaca]. 
an&ts&nical, physiologic and helwvioni! characteristics- 

Tainted mutatis of genes exposed in the bmta are revealing live mechamsnis *md&> 
lying normal Iw'bsvior aadb^svlotal abnormalities. modeb oftiuman neaxopgy* 

chiatrSc diwasts, «uett *s Atefoimerf* disease, Pa*kiit$on*s disease, Koottngton's dmmt, 
amyotrophia latent] ««lmsis» obesity, wrcxb, depression, alndnlim drag addktioa, 
schizopl^a, and axmmy, us likely tt> b« dtaractcrized by their behavtonkt pheiutype. 

This boob b designed to introduce the iiovke to the rich literature of behavioral tests w 
mice and to show haw to aolimte the application of these tests for behavioral ptienotyptqg 
of mutant mice. Based oas w^j^rkaoes^ U&totmryh w>Mb$ toward & unified ap- 
proach for the optimal wtiduet of tmhavHHBl pJiiiitot^piiig cxjietiiiicnis in mumm mke. 
RecunTmendatians m offered far a three-tiered sconce of behavsomt tests, applicable to 
cadi behavioral doimin relevant to &stm expressed m ibe imamiB&liaR brain. 



This book is designed m m overview of the mittam mouse technology and an totroducicat 
10 the field of behavioral ncwossknee, as it csan be applied to S^gmvioral plmooryping of 
Etwgenic and knockout mice. Molecular gendicifete may browse tough the chairs rel- 
evant to fegene, to get Ideas for jrasibfe tests to try, Behavioral newroscicntkls u4w> have 
D0 ^P^rtcnoe with mai&m' mice may wisfi to read about fas methods for sfevrfeping & £mas- 
geaic or fcnoekout the behavioral tests that have been entirely applied, srad me of the 
sueccss&l ^KpcriHicntB published in the j^ristics l&teraturo. 

Chapter* -are organised as-ouod behavior^ domains, including general health, neurolog* 
ted reflexes, devefapicmal ifti(«gtoaes, mom? tatiom «*isory ahili&s, kanta^-awf 
Mikny, feeding, sexual ami pa*eMf fehawim, social bcfc&vte, aiad rodem paradigms 
fetevani- to fear, anxiety, depression, gchizophreftb, reward, aad dm$ addiction Each chap- 
ter bz$m wi^i a brief Nst^ty of ttee *arly ivxat in the and the p*«sem hypotb^s about 
mechanics underly^n$ the expresslao of the behaviof, A list of gcosral review arti«k» and 
feooks is offb^ed for eaeh fcopic, ciKOiiragiag the iotet^d reader to pi« mm* iMepth 
lmowJe4ge of the relevant literatim. 

Standard tm$ are then pfemtai m detail li%hii^ed m ibose tasks tot have been 
temi^ly ^lidated fa mice. Denwm^ratioits of g^ctk cosapq^nis of task pet fdtmance are 
deserii>ed, ioclsKiiisg ^penmcstits eompoiinig hfotM maim ofrnic« (strain diftrtbotions), 
quantitatb^ tnnt loci approaches (litikgsgc analysts), mtd naturally oe^omng mutaiUs (spesn- 
^neous mutations). E^^nuKrutal de^ipi and ^eeifk behavioral i^ks are preseitted as 
simply as possible. Exti^tmyc nefeeenoes are included for each bchgviorai test to obtain 
more eoflt^k^ jjtst&ods from the prujiary (EstpcEimefttai Ihetatme on ihe topiE, 

lllustratioM eie- pro\*4 for the most tepcnily used kl^vioial tasks, Phctegr^ of 
the eqoipaMtuor diagram of task accon^p^ny the text Sampies of (to arc sbcm^ The 
<to pfescntatioji is des^goed to indicate due qualitative and (ftsaMttaove t^ts lhat c*n he 
**pecfed wl*e« the task is poperfy coiMlacled 

Each chapter includes tl^ results of sev^t^I rqpresxsntasjvMt ttx^enmm m wiiich these 
to*ks wrs mtwrnMy applied u» characterise trms^c md knockout mm, .Examples &m 
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